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ABSTRACT 


Temperature data, collected over the past 40 years ewas 
compiled and averaged in the first known study of mean ther- 
mal conditions throughout the waters of Monterey Bay. The 
following results were obtained: 

(1) The distribution of mean sea surface temperature 
in the Bay was obtained by calculating mean monthly values 
at selected grid points and drawing isotherms, 

| (2) Progressive warming of the upper 100m was observed 
to occur in a nearly linear fashion with time, resulting in 


a maximum temperature increase of :.8°C over the 29 year 


eimcerval from 1931 to 1960. This implies that the in- 


molotty OL UPWELLING 1s aiso CoCrcasing 2th camo: 

(3) Geographic variations in the rates of upwelling 
and downwelling, causing a relatively "'warm tongue" along 
Ge Callyol axis, appeared to be a major element iniluencing 
the dynamics of the Bay, and 

(4) Mean currents were inferred from the copoe eapiies 
of mean TOR isothermal surfaces. Limited comparisons of 
mieminterred flow to past measured currents were very el- 
couraging and tended to support the feasibility of such an 
inference in the shallow waters and irregular topography of 


Monterey Bay. 








We 


el. 


ie. 


TABLE SOP MCON GEN TS 


INTRODUCTION ------------------------------------ 10 
A. THERMAL CONDITIONS IN MONTEREY BAY ---------- 10 
B. CURRENTS IN MONTEREY BAY -------------------- 1 

dei MPOx t ANCE veie Scie = aos i ae ila: 


2. Why Little is Known Concerning Distribu- 


tion of Bay Currents -------------------- ll 
3. The Feasibility of Approximating Mean 
Currents by the Geostrophic Approach ---- qa 
a, Ihe Gtascical Geostropimc i iletiod aa 
b. Approximations Derived from the 
CaS Sa Game ME WiNO Ca ae iS 
Ge OB SECT DV a 14 
D. ORGANIZING AND USING THE DATA --------------- 15 
VALIDITY OF THE COMPUTED MEAN MONTHLY TEMPERA- 
TURES MAND SENS TITES)) =o 992-29 = 2922-2 ee i 
A. TIME RANGE OF DATA ---------------3-- -3----s-- My 
B. POSITIONING OF STATIONS --------------------- We 
GC.  UsSteor TREE DIFFERENT DATA, COREEGR IO 
OCS TES IS) 09 = ES 20 
DS GEOGRAPHIC DISTRIBUGMRONS OF DAdAy = acre aes Ze 
THERMAL CONDITIONS ------------------------------ 26 
No Isis ANNUAL THERMAL CYCLE IN MONTEREY DAY ees 
ie lWe anyon REG ON Ss sis Ss Sis a ae ie eee aS 
do ekheVUpwe Lling Pe riOg! 9 >— >> eee 23 
be Thes"Oceanitc Period %--- =>]. aan 24 
e. ‘The “"Davadson Current Period: --— 24 
2. the Regions of the Shallows)-—_._-_-- 24 





THE VARIATIONS IN INTENSITY OF (URWETIN Galea 


COMPARISON OF THE ANNUAL THERMAL CYCLE IN 
THE BAY TO THAT OF AN OFFSHORE LOCATION ----- 


1. Mixing in the Upper Layers ---=------_-.-. 
2. Upwelling ------------------------------- 
PROGRESSIVE WARMING ------------------------- 


THE DISTRIBUTION OF MEAN MONTHLY SEA SURFACE 
VEMPERATURED IN MONTEREY BAY Se ee =e eee 


1. Description of Figures ------------------ 
D>. IDSeSrcueeuiemn c2--0e- 252s Seosceesssesseusees 


a. The Annual Cycle of Mean Sea Surface 
Temperature ------------------------- 


(1) Upwelling ---------------------- 


(2) The Variation in Mean Air Tem- 
De PascU tC ee ee 


bh. Horizontal Sea Surface Temperature 
Gradients --------------------------- 


3. Summary --------------------------------- 


USE OF ISOTHERMAL SURFACES AS INDICATORS OF MEAN 
CURRENT -------- ec rrr rcr rr r  rrrrrree 


POoolieen GEINERALING FORGES goo [a ae 


1. Offshore Currents --------------rcrcr cre 
a. The California Current -------------- 


b. The Davidson Current ---------------- 


3. Tides -------------- error rrr re 
Weep ve ling === 32322-9922 


VERIFYING THE CORRELATION BETWEEN ISOTHERMAL 
AND ISOPYCNAL SURFACES ---------------------- 


PORTRAYAL OF THE ISOTHERMAL, SURFACES ae 


1. Selecting the Isothermal Surface for 
Portrayal ------------------ rrr rere 


Zi 


28 
28 
28 
Zo 


TN 
29 
SZ 


32 


52 


yA 


53 


5S 











a 


DeSe ripe res of Figures ------------------ 


D. MEAN CURRENTS INDICATED By [HE TSO LIER Ae 
SURFACES ---------------- eee oe re ree ee eee 


L. 


2. Annual Variations of Mean Flow in the 
Bay ------------ oe --------- ee 
a. November to February ---------------- 
b. February to April ------------------- 
c. August to October ------------------- 
d. Octobers= 22> 9-2] = — eee 
e. April-to August --------------------- 
E. COMPARISONS OF INFERRED MEAN CURRENT TO 
PREVIOUSLY MEASURED CURRENTS ---------------- 
1. March ----------------------------------- 
2, July ------------------------------------ 
3. August ---------------------------------- 
aneeeie@Kay S 16.6 ok. Modeunenonee --------- 
b. Stoddard's Drogue Study ------------- 
4. September ------------------------------- 
S. October ----------------->- 1S io eee eee | 
Gee UNovenber <=-=++2 sees = 222 ee 
F. SUMMARY -------- cern ccc ccc mr cr rr rrr rrr rere 
V. CONCLUSIONS AND RECOMMENDATIONS ----------------- 
A. CONCLUSIONS ----------------c-ccc rrr crc rere 
B. RECOMMENDATIONS -----------------rcrr rrr clr ree 
APPENDIX A: Data Sources -------------cccfrrc ct lero 
APPENDIX B: Computer Dees Mave Ofe Data. =<- 22a 
APPENDIX C: List of Figures ------------------------->- 


Intensities of Mean Flow in the Bay and 
Offshore -------------------------------- 








COMPUTER: PROGRAMS 333 = cee ee 127 


LIST OF REFERENCES =222—2 22-2 o == a eee 159 
INITIAL DISTRIBUTION DIST —-32>42 222 eee 161 
FORM DDALAT 3. @ 22-2 Ses Se eee ree ee ee 164 








Lisl, OF TABLES 


The Range in the Total Number of Temperatures 
Averaged to Compute the Means for Blocks in the 
Bay -- c+ -- - eee OS Se = ee aa 


Listing of Specific Data Contained on Computer 
Master Tape, NPS 306 ---------------------------- 


The Station Title Record -----=<=------2--o2-- =e 
The Station Data Record. 2 ao sae a aeele Soe ree ere 


Definition of Computer Variables in the Final 
Output of Program Number 11 --------------------- 





a0. 
ee 


Zi. 


BS 


14. 


i eae 


Gr 


ey. 


18. 


ED SU bor ier 


Computer Grid System Used in Monterey Bay -==s2=5 75 
The Initial Computer Grid System ---------------- 76 
Location of Major Data Sources ------------------ Ta 
Annual Mean Temperature Cycle by Skogsberg ------ 78 
Annual Mean Temperature Cycle by Bolin ---------- 73 
Aniicdietean lenperatiune Gy c¢lesBased om CalCOF I 

SURV CN Supe P= 8 SI 80 
The Progressive Warming of Bay Waters ----~------- 81 


Standard Deviation of Temperature for Selected 
Blocks as a Function of Time -------------------- 82 


Standard Deviation of Temperature for Selected 


Blocxs as a Function of Depth ------------------- 83 
The Annual Mean Temperature Cycle at Block 19 --- 84 
The Annual Mean Temperature Cycle at Block 3 ---- 85 


Vertical Mean Temperature Sections S-1 and S-2 
for the Month of November ----------------------- 86 


The Geographic Regions of the Bay (as Defined by 
Author) -----------------+-+cr er -------- ------------e 87 


The Annual Cycles of Mean Sea Surface Temperature 
Tae very = oma) low ReC1 Ons 0 meene Bi dyiee eee 88 


The Annual Mean Temperature Cycles at Blocks 1 
and 5 ------- 2-2 enon nn nn ee eee eee- 89 


The Annual Cycles of Mean Sea-Surface Tempera- 
ture in Relatively Deeper Regions of the 
Shallows ----------------------------------- re 90 


The Annual Mean Temperature Cycles at Blocks 2 
aime; @ 3966656665665 55 5565 5556556556 65 56555 Sees 91 


Typical Annual Mean Temperature Cycles of a 
Canyon versus an Offshore Station --------------- 92 


Dipping of the Isotherms Across the Canyon in : 
Webel 2 ee SSS = = 5 Sa oe Ss Se SS 8 Ss ee Be ea eee 93 








19-30. Distribution of the Mean Monthly Sea Surface 


Temperature for January Through December ------- 94 hos 
oe Intensities of Mean Flow in the Bay and 

Offshore ------------e- ere - ree ee ee nner ee 106 
SZ. The Annual Mean Density Gyeleswapeocl cee a 107 

Blocks ---- rrr rrr err rrr rr rr rr rr re eee ce eee 
Er - The Annual Mean Temperature Versus Density 

Cycles at Block 13 .=3=-~ = -site2 ~-92 ee 108 
34-48. Topographies of Selected Mean Isothermal Sur- 

faces for January Through December ------------- VOS Sl zs 
49. Commari sons soc interred Ciimuents tours et 

Measured Currents in August -------------------- 124 
50. Comparison of Inferred Currents to Past 

Measured Currents in November Using the Plotted 

Position of the 12°C Isothermal Surface -------- EZ) 
Sl. Conpawesen ot InternedsCurreiless eomudse 

Measured Currents in November Using a Trans- 

fated Position of the 12°C lsothenmalesurtaccm= eee 








I. INTRODUCTION 


Monterey Bay 1S a large, semi-elliptiecabeindemeaeuen 
in the California coastline separated into nearly equal 
halves by a deep submarine canyon ‘Figure 1).! The outer 
extremity of the Bay may be defined by a line joining Point 


Soamtca Cruz to the north and Point Pinos to the sowuen- 


A. THERMAL CONDITIONS IN MONTEREY BAY 

-everal Studies Mave Deen conducted of Lhermaleonaa. 
fons a& specific locations in Monterey Bay. The most ex- 
Bemsive were those by Skogsberg [1936] and Bolin [1964]; 
both spanning five year periods. Skogsberg studied the 
memenern portion of the Bay from 1929-1935 and Bolin re- 
searched conditions at a station in the Monterey Submarine 
Canyon (see Appendix A). Although these studies well de- 
fined the thermal conditions for a portion of the Bay, ap- 
parently no one had investigated the Bay as a whole. 

As discussed in Appendix A, the author compiled a 
considerable amount of temperature (and some salinity) data 
covering the period of time from Skogsberg's study until 
the present. As outlined by the author's objectives (Para- 
graph C), this data was utilized to study mean monthly ther- 
mal conditions throughout the Bay and to investigate the 
possible relationship between the thermal conditions and 


timerecated mean currents. 


1 
Pl Ereures will be found in Appendix 
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Ba CURRENTS IN MONTEREY BAY 
le Lipion Galee 

The distribution of current in Monterey Bay is 
virtually unknown but there is little doubt of its great 
importance in determining the ecological future of the area. 
Pollutants, transported by the currents, are scattered 
freely along the beaches in the form of sewage and general 
rubbish. Less evident is the adverse effect on marine life 
Smeated by the discharge of industrial pollutants into the 
Tie CuULrentES not only distribute “harmful” pol imtameam nue 
also serve to maintain the chemical and thermal balance 


Meeessary tO support marine life. 


Ze Why Little is Known Concerning Distribut tommeireeay 


Cie mes 

The well establisned currents of the open oceans 
meeetreclatively strong and unchanging with time (e€.¢., the 
See Streame and the offshore California Current) and hence; 
mreir general movements are fairly well understood= Monterey 
imeem oeing enclosed on three sidés, presents a diiferent 
Situation. The Bay currents are weak and variable and their 
mean flow is aimost completely disguised by the effects of 
iveal windss tides, topography, and) seasonal changes in the 
offshore currents. 

Past Current studies in the Bay have beemmered 
limited nature, both in time and in geographical coverage. 
They have contributed towards an understanding of ''short 
term" currents (such as those resulting £xen the tides) but 


too few cbservations have peen made to be of much use in 


ce 








describing the mean flow. In time, and with many addi- 
tional current observations, a study of the combined ef- 


fects could prove to be of great value. 


3. The Feasibility of Approximating Mean Currents by 
the Geostrophic Approach 


Indirect approximations of current using the geo- 
erophic theory may be divided into two categories: 
mite Classical use of the géostrophic method, and (2) ap- 
proximations derived from the classical method. 

dene Cllasstewe Geostroephice Meriod 

Basically, flow obtained by classical applica- 
Pmionmen the geostrophic method 1s that which results from 
the balancing of the Coriolis force and the pressure force 
between two points on a surface of variable elevation, 
ivewmann and Pierson [19660j| discuss the theory in their 
nigel entitied, Principles of Physical Oceanography). Com- 
pecea elevation of the sea surface at a given location in 
the ocean is represented by a term called the "dynamic 
height,’’ a relative parameter based on the density of sea 
water at the location and referred to an assumed level-of- 
no-motion. A high value of density (usually colder watery 
Meuetas a lower dynamic height and conversely. By geo- 
Strophic theory, the circulation in the Northern Hemisphere 
is counterclockwise about locations of lower dynamic height 
(depressed surfaces) and clockwise about locations of higher 
dynamic heights (elevated surfaces). The level-of-no-motion 


mothe depth of water (as best can be ascertained) where 


eZ 








absolute current vellocity equals zéro and Thicwan om eo a. 
One Ble Gre iels Nese finale I Sion. 

Accurate representation of the mean current 
based on the classical geostrophic method thus requires two 
prerequisites; (1) a knowledge of mean temperature and 
salinity (to obtain mean density) of the water column at 
weveral well spaced locations in the area of interest, sand 
(2) a level-of-no-motion everywhere shallower than the 
depth of the bottom (otherwise, there is no reference ex- 
eam. the bottom itself from which to compute true velocity) . 
fimealiy, of course, wind driven and tidal currents are 
Weomected in computing means. 


Dew CouOxImaeTonseVUerived fromthe Classica 
Method 


Several approximations to the classical ap- 
meoach have been used in relatively deep waters with con- 
Siderable success. Barker and Denham [1970] used the 
weassical method to plot geopotential topographies (Sur- 
faces of equal dynamic height) for various levels-of-no- 
motion off the northeast coast of New Zealand. The close 
Somnelation between the shapes of the topographies sug- 
gested that broad current patterns could be approximated 
without using an accurate level-of-no-motion. Duncan and 
Nell [1969] demonstrated that isopycnal (equal density) 
surfaces were closely related to current patterns in their 
study off the ape Coast. Drift cards were employed ete 
measure general current trends and were coun to follow the 


momycnal contours as predicted by geostrophieytmegy itor 


ILS 








the Southern Hemisphere. Leipper [19/70] demonsteatedmen a 
temperature data alone could be used to approximate cur- 
rent in th® Gulf of Mexico. “Monthly topographwecmoieen 
22°C isothermal surface were constructed by him from data 
eollected on various cruises during the perrod 1965-locGce 
ihe current was found to closely follow thescontours mean: 
mm a direction placing colder waters to the left of the 
flow. These results were verified by geostrophic flows com- 
puted at various locations in the Gulf. This approach is 
based on the assumption that temperature changes are di- 
Rectiy proportional to density changes throughout the water 
column, and thus isothermal surfaces may be considered in 
place of isopycnal surfaces. 

Application of any of the above approximations 
to the shallow waters and irregular topography of Monterey 
may WOuld be a considerable extension of usual practice. 
However, the theory of geostrophic flow does not depend on 
the depth of water, therefore, geostrophic methods might be 
useful in indicating broad current patterns in the shallow 
meters of the Bay. Considerable temperature data was com- 
piled for Monterey Bay in this study (see Appendix A). The 
author used this data to investigate the feasibility of 
relating mean currents to mean isothermal surfaces in a 


manner similar to that of Leipper. 


ee OBJECTIVES 


The objectives of this study are to: 
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1. Compile” temperature and salinity datammemonpre. mens 
@ecanographic studies condueted in Monterey Baye 

2. Conduct a study of the distribution of mean monthly 
memperature in Monterey Bay and construct charts of the mean 
menthly distribution of sea surface temperature, 

5. Investigate the feasibility sor anterrence meaneceur- 
rents from the topographies of mean isothermal surfaces, and 
A. Prepare a computer program for the continuing 

meorage and retrieval of oceanographic data collected in 


Monterey Bay. 


D. ORGANIZING AND JUSING THE DATA 

The IBM 360 computer at the Postgraduate School was 
used to compile the temperature data and to compute monthly 
averages (as discussed in Appendix B). A grid system, 
dividing the Bay into 19 blocks, 4mi by 4mi in dimensions, 
maeused to segregate the temperature data (Figure 1). The 
mmenor's initial grid system covered a larger area (Figure 2) 
memcaining 39 blocks, but only the numbered blocks held 
Significant data. The mean temperature of a given block, 
mased on the averaging of all temperatures compiled for that 
miteek, WaS assumed to be effectively located at its center. 

mie temperature data was compiled over the 40 year 
merervyal from 1929 through 1968. Temperatures collected by 
feeerecliable methods were combined in the averaging process 
(although the computer program did allow for data to be 


maenieved by type, 1.e., Nansen, XBT, BT). 


rS 








The risks inherent in the "lumping" together of all 
types of temperature data spanning a 40 year interval and 
further reducing data from 4mi by 4mni blocks to represent 
points in their centers were fully realized. This lumping 
was essential due to the erratic distribution of data within 
the Bay and also because no reasonaily short time span held 
enough data to support this study. The errors introduced 


Ib the above procedures are discussed in Chapter II. 
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Hi. VALIDITY OF THE COMPUTED MEAN MONTHIY UEMPERA ies 
(AND DENSITIES) 
A discussion of the questions raised in the Introduc- 
tion involving the method of computing mean monthly temper- 
atures is considered necessary before an appraisal of the 


results (Chapters III and IV) can be made. 


A. TIME RANGE OF DATA 

Data from three separate time intervals within the 
previously mentioned 40 year time span was averaged and 
Compared to determine the degree of consistency of thermal 
Sonditions relative to the progression of time. Three Bay 
studies (as referenced in Appendix A) were used: (1) 


Wes «ss ae ANAN TNF FN foON N ae Galea in ‘ 
BRugsverg (13929-1533), (2) Bolin (1951-1655) 


ee 


| tnd 
> aila mS) 


(ae 


CalCOFI surveys (1954-1967).*% The time intervals between 
midpoints (mean years) of the studies were 22 years from 
skogsberg to Bolin and 7 years from Bolin to CalCOFI, with 
a total time interval of 29 vears (1931 co 1900) 

ice anntal thermal cyclegmot the thinee perweds (Cane 
ures 4-6) were generally similar in shape with upwelling 
noticeable from the surface to 500m (as characterized by 
the humps in the isotherms during the months of April 
@eeeugh June). A consistent feature over the 29 year in- 


terval was the apparent weakening in intensity of upwelling 


2 

Pie TwOCednoeraphte Staltons: USC Cm Mmuncs Cm cimmaare Suraine 
enown in Figure 3. Skogsberg's station is denoted by "C", 
Bolin's by "B" and CalCOFI by a square numbered "5". It is 
meted that the three stations are contained within a radius 
fa two mi. 
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with time. The 9°C isotherms from all three studies are 
plotted in Figure 4 to wdemonstrate sie entre cea oon 
Served that the depths of the 9°C asothermms were relatively 
mmose together during the winter momens. | Dunringe=ene re. 
meaander of the year (especially noticeable in May) the 9°C 
isotherms were observed to deviate from one ancther. The 
deviation followed a consistent pattern with the 9°C iso- 
therm of the earliest study (Skogsberg in 1931) at the 
shallowest depth and the 9°C isotherms of the later two 
meudies at greater depths as time progressed. This “£lat- 
tening out" of the 9°C isotherm with time could indicate a 
weakening in intensity of upwelling. 

A general warming with time was also observed to occur 
momoughout the waters of the Bay. Figure 6A depicts the 
Menperature increase (AT) observed to occur over the period 
from 1931 (Skogsberg's mean) to 1960 (CalCOFI's mean) at 
memccted depths throughout the year. The curves represent 
meme variation of AT for each month and for depths from the 
emrtace to 500m. Figure 6A shows that the maximum tempere- 
ume increase occurred at depths £rom the surface to 100m 
fea during the period from October to December. At depths 
trom 2Z00-500m, AT cycled between positive and negative 
values throughout the year; however, AT was always positive 
(temperature increase) in the months of May, June, September, 
and October. 

The consistently positive values of AT in May and June 
for depths from the surface to 500m might be another indica- 


men Chat upwelling was decreasing in intensity (with time) 
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throughout this region, since the warming in May and June 
mould also indicate a ftlattéming ouWt of thewisothkerms. 

The reasons for the maximum temperature increase during the 
Memths of October to December are unknown. It could be re- 
Mated to changes in the "Oceanic Period," or possibly, to 
memocs in the transiftien period between the antluecnce of 
the California and Davidson current systems. 

In sunmary, the general warming of the water column 
etn time was observed to be consistent in the upper 100m 
(by the similarity in the shape of the AT curves in Figure 
6A at these depths). At depths below 200m, the consistency 
was not as good (as observed by the AT curves cycling be- 
Bween positive and negative values); however, the total 
meamec of AT was only 0.5°C in the deeper waters. 

the maximum temperature increase over the 29 year 
interval was 1.8°C (the 50m curve in November from Figure 
my resulting in about 1/15th of a degree C increase per 
year. This small annual temperature change, along with 
meee general similarity of the curves (as observed in Fig- 
mimes 4-6) was considered to represent consistent behaviour 
meen time. Jt was concluded that the author's method of 
averaging temperature values was jUS tated lias provided 


meeragces that were representative of the overall period. 


B. POSITIONING OF STATIONS 
The computer grid system was based on the assumption 
meat all temperature values found in a given block were lo- 


Sacred at its center. The grid system was initially positioned 
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so as to minimize the distance of known oceanographic sta- 
tions from grid centers. The maximum deviation from such 
centers was 1.6 mi. Data was assumed to be scattered 

memdomly around™the centers of the blocks in the grid sys- 


tem. 


ie. MWiSE ObevHREE  DIEEERENT SDATA TCOREECI ION SYSTEMS 

The data was collected by Nansen, BT, and XBT devices. 
Several papers have been written concerning system errors 
meemiiar to each. The magnitude of the errors in the BT's 
and XBT's are apparently undeterminable. 

lemrmvesticate “the Sienitrveance Of poss#ple system 
mors, the standard deviations (oc) of temperature (and 
density) values were included in the computer output. 
(X fama) represented the interval containime 672 of all 
values averaged for a given mean oor 

Standard deviations of mean monthly sea surface temper- 
memre versus time (by months) were plotted for selected 
mocks. Figure 7 (Block 13) represented the worst condi- 
tion found. The larger standard deviation at Ju ls was not 
mepresentative; the consistent features of all graphs were: 
(1) minimum values of standard deviation for the month of 
January, and (2) the relatively small variation of the 
fmerues throughout the year. 

Plots of standard deviation versus depth (Figure §8) 
were = 6 CONnsiSteme.. Values of standard deviation halved 


within 30-40m of the surface, reached values of 0.5°C anywhere 


from 50-275m and then linearly decreased to minimun valucs of 
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fel-0.2°C an deeper waters. The decredsem@or swandard devia- 
meron with increasing depth of water and Tis practreal ly 
invariable value (0.1-0.2°C) below 800m, where the data was 
Exclusively from Nansen casts, indieéated that seasonal 
changes were mainly responsible for variations in mean 


mmperatures. System errors were thus neglected. 


D. GEOGRAPHIC DISTRIBUTION OF DATA 

ine 5800 oGeanographic Stations wsed Tnethts crud, 
m25,100 temperatures) were erratically distributed through- 
Sethe blocks in the computer grid system (Figure 2). 
Meecks 1-6, 13, 20, and 21S contained the major portion of 
me data (10-85 surface temperatures per block per month) 
and thus were given major consideration in the analysis. 
The remainder of the blocks contained random amounts of 
mma, except for Blocks 17 and 19 which generally contained 
5-6 values per month each. 

micaGily, the Dilgeks containing relatively tew. tcneera- 
mmmes {less than 10 per month) would yield less reliable 
averages than blocks with many values. Choosing a minimum 
mmmer Of temperature values to achieve relatively accurate 
mean monthly temperatures was based on a study of continuity 
Metween weak blocks (with less than 10 temperatures per 
Mmemth at a given depth) and strong blocks (more than 10 tem- 
peratures). 

epayeine Ct MU seemed temper atlt cme, ClLCs ic amemon tilly 
temperature sections, and standard deviation versus time and 
depth were drawn for weak Blocks 8, 17, and 19 and for strong 
BWocks 1-6 and 13. The annual mean temperature cycles of tne 
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weak blocks compared closely to those of the strong blocks. 
This comparison was well represented by Block 19 (Figure 9) 
and Block 3 (Figure 10). 

Further continue. in data, betneen weak sandese won 
blocks was demonstrated by Figure 11, showing the thermal 
Seructures of two vertical sections {see Figure 12 for lo- 
meron of sections), one oriented north to south connecting 
Bwocks 1, 2, 17, and 5 (S-1) and the other oriented along 
the Monterey Submarine Canyon axis (S-2) connecting Blocks 
mee 5, 17, and 19. The isotherms were smooth and continuous 
meethe upper and lower waters for both sections throughout 
the year. In depths from 50-100m, the isotherms were smooth 
and continuous along section S-2. Along section S-1 the iso- 
mierms were occasionally depressed at Block 17. The depres- 
eon Of isotherms at Block 17 in section S-1 and lack of 
depression for the same block in section S-2 will be shown 
Memee consistent in Chapter III, paragraph B. 

Pamally, the standard deviations of mean monthly tem- 
Mmematures versus time and depth were comparable for all 
Blocks, weak or strong (Figure 7 and 8 were representative). 

The continuity exhibited in the vertical sections be- 
tween adjacent weak and strong blocks (and within the blocks 
femeeime progressed) supported the limited use made of the 
weak blocks for constructing mean monthly isothermal sur- 
maces in Chapters III and IV. As the isothermal surfaces 
mee prepared, the weak blocks demonstrated further consis- 
Bemey of data, especially Blocks 8, 17, and 19. Examples of 


mes are noted in Chapter IV. 
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III. THERMAL CONDITIONS 


A. THE ANNUAL THERMAL CYCLE IN MONTEREY BAY 
The "S-phase" annuiaigethermal cy cle yoceurr ings es ee me 
Jocations in Monterey Bay has been described by Skogsberg 
[1936], Bolin [1964] and others. The following discussion 
considers the variation in mean thermal conditions relative 
to various geographic locations throughout the Bay, a sub- 
fect apparently not previously dealt with. 
Figure 12 depicts three geographic regions in the Bay 
Meee the author will refer to in’ this Chapter. The choice 
of the 50 fathom curve as a dividing line was arbitrary, but 
gave the desired sectioning. 
ae une Canvone re 
Sance=solin descrimped tne thermal conere rons or 
mee Canyon region a detailed account will not be repeated 
Mere owever, a briet description of the ‘phases’ will be 
necessary for later comparisons. 
ao they Upwelling Pewrod, | 
Conmoniy "cons dered temepan Lrem mid- anuary to 
memeenber, the Upwelling Period is characterized by the 
rising of the deep, colder waters. As found in this study 
Mmreure 10), the cold waters began their upward movement in 
mid-January from depths as great as 700m (however, the move- 
ments were minimal below 300m). The maximum rate of rise 
occurred between February and March and the peak was found 


in April or May when the 11°C water nearly reached the 
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Puxrtace. Although upwelling reached its peakwlater at 
mucater depths, None was obServedearter July. 

The descent (downwelling) of the cold waters 
generally commenced in June and was apparent until late 
November at greater depths. 

pemee the Oceeanne, PC amoac 

This#peried is econmenl seonsideredmtemeceur 
muring September and October and is well defined by the 
mary vertical temperature gradients at depths from the 
Surtace to about 100m. 

ee.) ine “Davidson Cumment Period” 

In November the south-moving California Cur- 
rent is displaced by the north-moving Davidson Current along 
mee coast. The influx of warmer waters into the Bay re- 
meets in a weakening of the vertical temperature gradients 
ome a resulting well-mixed layer of water from the surface 
memabout SOm. The northerly flow continues until mid- 
January when the California Current again predominates and 
mee’ 5-phase'' annual cycle commences again. 

wee thesRegions of the Shallowom see Fipure 12) 

The annual thermal cycle in the Shallows was simi- 
lar to that in the Canyon Region with two noteworthy ex 
@eptions: 

PEnctewenesvely Shallow rep1omns at the extreme 
northern and southern ends of the Bay possessed unique 
pomual thermal cycles at depths from the surface to 10m. 
Referring to Figure 13, the annual cycle of the surface 


Bemperature in the Canyon (Block 3) showed a clear decrease 


24 


in temperature from January until early May and then a 
steady increase until late September (this was typical for 
all the deep water areas). The annual cycles of surface 
temperature for the very shallow waters (Blocks 1 and 5) 
showed no similar decrease in late winter but rather a 
mreeady increase from mid-January until late September 
(Figures 13 and 14). This steady temperature increase, 
unique for the shallow water regions (less than 75m), was 
probably due to greater heating of the water column from 
bottom reflection and the insolation of nearby land masses. 
mais greater heating of the shallow areas is clearly shown 
in the distribution of mean monthly sea surface temperatures 
@s will be discussed in paragraph E (Figures 19-30). The 
relatively deep regions of the Shallows areas (Blocks 2 and 
ay) exhibited a very slight amount of cooling from January 
leer! May, but not nearly as much as did the canyon Region 
Mec Figures 15 and 16). The second exception is discussed 


below. 


B THE VARIATIONS IN INTENSITY OF UPWELLING 

In studying the various graphs constructed for the 
mmalysis of thermal conditions, the author came upon a 
Peature which could be an important element in the dynamics 
of the Bay in general. Figure 17 is introduced to show the 
months of the maximum rates of upwelling and downwelling 
during the eee Ilivsoyete eiloye Oe elie eunugiliZl ences sie levels 


Shows maximum rates of upwelling from February to March, and 
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maximum rates of downwelling (or heating) from July to 
Prieust (note the slopes of the 10°C and 11 © iserheris)© 

Vertical temperatune, section 5-1 (Seemmieiie sh mo ienis 
@ strange dipping of the isotherms at Block 17 for all of 
the above mentioned months (Figure i8 is representative). 
meock 17 was a weak block (less than 10 temperatures per 
memth) and thus the dipping was suspected. To attempt to 
mercy the dipping of isotherms in the Canyon, two addi- 
Meonal sections were constructed (see Figure 12 for loca- 
mrons), both running across the Canvon axis (as did section 
meee Section S-3 connected Blocks 2, 3, and 4, and sec- 
meron S-4 connected Blocks 2, 3, and 6 (emphasis is placed 
Saethe fact that sections S-3 and S-4 contained only strong 
blocks with greater than 20 temperatures per month each).° 
The results are clearly illustrated in Figure 18 which shows 
ferked dipping of the isotherms across the Canyon axis in 
mime sections. This results in a relatively warm tongue 
mene the Canyon axis for the months of maximum rates of up- 
welling and downwelling. 

The dipping of the isotherms across the Canyon axis 
Mould have been caused by the up-slope entry of the cold up- 
Memling waters into the regions of the Shallows. During 
February and March, when upwelling rates are highest, the 


cold waters are ascending from depths down to 300m. As the 


Table V lists the number of temperatures compiled for 
mae Various blocks of the computer grid system. 
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cold, dense water spreads to the Canyon walls, its hori- 
zontal movement is interrupted, and thus it is accelerated 
up the walis and into the shallower adj 2cecnt reviuonse 
Bonversely, in July and August, when downwelling rates are 
meehest, the cold waters are descending from the near- 
mmerace regions. Their rates of descent are accelerated 
mito the Canyon since the deepening topography offers no 
mesistance to their sinking. The transition period (from 
April to June) between upwelling and downwelling showed no 
dipping of isotherms across the Canyon. 

No dipping of isotherms was observed along the Canyon 
mers, this would be as expected since the depth of water 
feeome the axis (section S-2) was everywhere deeper than 500m 
mans affording no bottom influence unon the cold upwelling 
meee rs. 

mie annual mean temperature cycles of the relatively 
deep regions (Figure 16) and the very shallow regions (Fig- 
Mee 14) of the Shallows further demonstrated the up-slope 
surge idea. During the months of highest up/downwelling 
mires, Blocks 2 and 4 (adjacent to the Canyon) exhibited 
somewhat stronger upwelling (greater slopes of the 10°C 
amd 11°C isotherms) than did Blocks 1 and 5 which were at 
the extreme northern and southern ends of the Bay. It thus 
mepeared that the cold up-surging waters might have lost 
some of their momentum by the time they reached the very 


m@eallow regions of Blocks 1 and 5. 


Lg 


OF COMPARISON OF THE ANNUAL THERMAL CYCLE IN THE BAY | 
TO: THAT OF ANSOFP SHORES LOCA LI OM 


Block 20, located 2Z2>mi west-soutawes Guo fence a 
Migure 2) was compared to Block 3 in the Canyon. Figure 
17 demonstrated two broad differences between the thermal 
Sonditions of the two locations. 

ioe MixXIne anenevpoen: Layers 

The offshore station exhibited generally warmer 
Surface waters throughout the year and better mixing of the 
upper waters (0-50m) from January to April. At onset of 
Mme "Oceanic Period" in September, the offshore and Bay 
Meations both exhibited maximum vertical temperature gradi- 
mcs. 

At the close of the "Oceanic Period" in November, 
the Bay station exhibited somewhat better mixing than did 
Meeeottshore station, maintaining its more uniform surface 
femeers until January. The weakening of the vertical tem- 
perature gradients in the Bay (as described by Bolin) was 
mesumed to be the result of the influx of warm waters 
Drought into the Bay by the north-flowing Davidson Current 
Mmring the period of November through January). The more 
uniform mixing of the Bay waters might have been due to a 
meeater influence by the Davidson Current nearshore. 

2. Upwelling 

Upwe Ding 2S=Gonsrdered to Tesult trom Ene nor theniy 
winds deflecting the surface waters to the right and away 
mom the coast, allowing the deeper cold waters to rise. The 


mieensity of upwelling should then decrease as the distance 
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meethe coast increases, Figure 17 demonstuagecamenaueenns 
was indeed the case, Block 20 showing less intense upwelling 


maaan Block 3. 


DD, PROGRESSIVE WARMING 

Chapter II, paragraph A, contains a discussion of the 
meogressive warming found for the entire water column in 
mie bay over the 29 year interval from 1931 to 1960. It 
em@ould be noted that Bolin [1964] found an opposite indica- 
mmo Of progressive cooling from 1951-1955. He investigated 
mre “previous and subsequent" sea surface temperatures taken 
at selected locations along the west coast of North America 
mie round that the years of his study were all relatively 
cool and that 1955 had the minimum temperature in a "long- 
memm trend." In Chapter II, evidence was presented indica- 
ting continual progressive warming over the 29 year interval 
noted above. It thus appears that the cooling observed by 
Bolin was a short-term cycle. 
2 mie DISTRIBUTION OF MEAN MONTHLY SEA SURFACE TEMPERATURE 

IN MONTEREY BAY 

mecires 19-50 depict the distumeution Of mean mone, 
Sea surface. temperature in Monterey Bay. 

Mec seh ptton Cb Figunes 

Mie Sets sowed alUrCOm@conesene ll wumemGeltc ms 

Or their respective blocks) served as the points from which 
Pecherms were drawn. The values of mean monthly tempera- 
mre are directly below the points. Table I lists the total 


mumbecr of temperature measurements per block per month (at 
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mpl I. Ine Range in the Total Number o@ @iempemauumes 


Averaged to Compute the Means for Blocks in 
ie Bay, | 


MeOCKk DEPTH RANGE OF TOTAL TEMPERATURES PER MONIR AT 0%q@ SOn 
nO. (m ) J lp M A M J J A 9 O N D 


it 0 65 ~62. 62 65, 64. 615567 65 00) 0 Zee 
50 0 0 0 0 0 il 0 0 0 0 it 0 


2 0 62 64 64 67 64 61 68 65 61 68 70 67 
50 Se 8 ) 8 op) 6 SS thee 6s 

3 0 79 79 79 84 77 69 84 81 77 83 94 85 
50 MOS 2) Ae BUS 25 eee 2 OR 3p 2G 

4 0 om) OS We N22 72 1s Se 1a Se ty 0 
50 A) 2 19 es IS AO Os Bie ie 26° 28 Zi 

5 0 65 66 67 67 63 60 68 64 63 70 69 68 
50.00 == ------- DEPTH OF WATER LESS THAN 50m --------- 

6 0 69 60 64 70 66 62 69 65 60 67 70 68 


50 s) 6 6 8 6 7 Li 6 2 8 fi 


i 0 0 0 0 0 0 il 0 0 5 Z il 0 
50 0 0 0 0 0 0 0 0 2 1 1 0 
8 0 1 es, 0 dl ee 9 6 5 Z i 8 5 
> 0 gly =a 0 9 8 h 5 5 Z 7 8 5 
3 0 Loy LANA 25S AIT 2S 22. LI ee Ss eee 
50 LL ek. bac 25. Zin eo oe Ze Ze oe ee | ec 
16 0 Z 0 0 2 0 4 il 0 oe i) 1 Ih 
SUE er ae DEPTH OF WAR eos Dn AN SSO > sereaeene 
ie} 0 4 18 4 4 5 S 5 5 6 5 6 4 
50 4 18 4 4 5 5 5 5 6 5 6 4 
WO 0 4 4 4 s 4 5 4A 5 4 5 6 4 
50 4 4 4 3 4 3 A 5 4 I 6 + 
20 0 ES 2 2S hey 8) S > 6 5 5 
50 10 3 Z 12 8 ive 5 § 6 5 3 
J F M A M J J A S O N D 


mere 1: Blocks 9-11, 14, and 18 seldom contained data. 


mec 2: Block 20 (see Figure 3) is located 22 mi offshore. 
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the surface and 50m) that were used to compute the mean 
temperatures. Mean temperatures are not listed (or used) 
mi the figures if less than four values were available 

mer averaging. Dashed lines represent probable extensions 
me the isotherms. 

Tne cirele in the Upper vricht hand cConiensoreceaen 
mesure displays the local mean wind condition (taken from 
meme. ©. Naval Oceanographic Office "Pilot Charts,” 
series H.O. 1401) and the mean offshore currents (taken 
meom the U. S. Naval Oceanographic Office Publication H.O. 
570). The local mean winds are shown as a series of ar- 
mews (fine lines) that fly with the winds. The lengths of 
Maye arrows represent the percentages of the month that winds 
were from the directions shown (the percentage shown for 
the longest arrow serves as a reference). The number of 
mms Ol a given arrow defines the wind force by the 


meautrort Scale, as shown below: 


Number of Tails Mean Wind Force (kt) 
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The mean offshore current is displayed by ‘an arrow (bold 


dine) extending the diameter of the circle. Mean current 
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aurection 1S with the arrow and its specea emule soca. 2) 
me displayed inside the inner circle. 
The upper lett Nand veorner of cach et ion cece ieee 
Mean sea surface temperature at a location 15 mi oG£fshore. 
This data was taken from Naval Oceanographic Office Special 
Bmplaication, SP-123, and represented mean monthly values 
Meeed On ship's injection temperatures collected over the 
past 100 years. 
ae. Discussion 
a. ‘Ihe Annwial Cycle ot Mean Sea Suriacerlenpenarumc 
The =tollowange twoeLactors appear ce int bvenec 
Beeedistribution of mean sea surface temperature. 
COP Ueweiblaue 
The coldest waters in the Bay occur during 
Mmresperiod from February to May (with April being the coldest 
Demen of the year) coinciding with the upwelling period. 
feeures 20-22 show the intrusion of the colder waters from 
meaward. it appears that the main intrusion broadly oc- 
mars along the axis of the Submarine Canyon (note the 11°C 
mae i2°C isotherms in Figure 22). 
(2) fhe Variation in Mean Air Temperature 
RECOEGING, COsdatavcontalnedsin tines leo. 
aval Oceanographic Office Pilot Chart series, the mean air 
Betiperature 1s at a minimum in January, rises to an annual 
maXimum in September to October, and then falls to a minimum 
again in January. 
tie wgetatron cf Mean searsUmrace =cOemeam 


alr temperatures is demonstrated by following the monthly 
position of the 13°C isotherm. In January and February 
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Aipsence implies generally colder waters. §in Maren eas 
seen to intrude into the Bay near the Moss Landing area. 
fm April, the 13°C isotherm appears to be pushed aside by 
mie intrusion of the colder waters {Figure 22). During the 
period from May to October, the 13°C isotherm was observed 
tO move steadily seaward as the waters in the Bay continued 
to warm. Although the positions of the 13°C isotherms are 
Mearly identical in September and October, the overall 
thermal distribution shows September to be the warmest month 
Meecthe year (Figure 27). From Octobder until January, the 
13°C isotherm was observed to move steadily towards shore 
m@aicating the broad cooling of the surface waters. 

D. SHOrr1zZOontalsed olliziace lempenma tlie sGiatdic ies 

Horizontal temnerature gradients are weakest 

during the period from November through January with nearly 
merc orm temperature throughout the Bay (less than 0.5°C 
@aange) occurring in January. The uniform temperatures 
@earacterizing this period are probably due to the influx 
into the Bay of warmer waters from the north-flowing 
Davidson Current (prevailing during the above period). In 
February, the temperature gradients are stronger and con- 
menue to mic rease ig Swireniveley weyentlk sereeveln sie ice ike <heugibie tl 
ieximum in July. The mean offshore sea surface temperature 
mets.9°C in July indicates that strong gradients are also 
set up offshore as well as in the Bay. Steady weakening of 
temperature gradients occur from August until January, com- 


meeting the annual cycle. 
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It will be recalled that maximum yer treatin 
Menature gradients occur in the Sur tacem lacus edi wee 
Meeanic Period from September to October (see Figure 10}- 
mebin related the occurrence of maximum vertical gradients 
to the relatively windless (and also the minimum velocity 
@eethe California Current) conditions prevalent during this 
m@e110d. The occurrence of the maximum horizontal sea sur- 
mee temperature gradients in July (2-3 months earlier than 
eye maXimum vertical gradients) might be related to the 
Meeoacer velocity of the south-flowing California Current. 
iim cooler waters carried into the Bay by this current move 
meetwice the velocity in July as compared with September 
moemoctober (3.6 versus 1.7 mi/day). Hence, the outer Bay 
Mmeo1ans are colder while the inner or nearshore regions 
@encinue to warm from atmospheric heating. 

The mean sea surface temperatures in the north- 
€rn and southern areas of the Bay are consistently warmer 
than those in the center area for all months except 
November through January (when generally uniform tempera- 
Meres prevail). The northern area exhibited consistently 
higher temperatures than did the southern area throughout 
fis erenenl: Une. Wendin Sjoerc si WeSh elOneesnen TeSisoue GS eh 
Daply due to the shallower depths of water there (see 
mere 12) thus permitting greater insolation and reflective 
heating-of the waters as earlier mentioned. Also, the shal- 
Mower northern region is somewhat isolated from the effects 
ee upwelling and thus does not undergo mixing with the 


deeper and colder waters. 
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3. Summary 


Inspection of the mean isothermal surfaces por- 
meayed in Figures 19-30 reveal several blank spots in) Gie 
meta field, especially in the northeastern section of the 
may. it would be of considerable benefit to conduct a 
further search for data within these blank spots (Blocks 
16, 18, and the non-numbered block shown crossed out in 
feeure 1) thus providing a more complete picture of the 


mea suriace temperature distribution. 
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IV. USE OF ISOTHERMAL SURFACES AS INDICATORS OF MEAN CURRENT 


If mean flow can be approximated in Monterey Bay using 
mean isothermal surfaces, then the topographies of these 
surfaces must be associated with all dynamic forces acting 
BoeeeStablish mean flow. Some of the factors involved are 


meetoliows: 


A. moos | BLE GENERATING FORCES 
lee Ol fshore Currents 

The offshore currents are considered by some to be 
mame major driving forces behind the generation of Bay cur- 
Memes. oone theorists believe that a northerly flow adja- 
Seat to the Bay will establish a clockwise gyre within it, 
eeeeconversely for a southerly flow. This theory was pre- 
memecd recently by Garcia [1971] using a mathematical model 
Meethe Bay. 

ao | Moke (oe sb Mbetenigi as) sCiulvrenaite 

Transgressing a large clockwise circle in the 

Monrthern Hemisphere, the California Current makes its way 
Seuth along the coast year-round. The southern flow of its 
outer boundaries is felt at the seaward edge of the Bay from 
mid-February until early November, with mean velocities 
ranging from 1.0 to 6.7 mi/day (see Chapter III, paragraph 
Pel). 

Ce ine way dic One Ua Theme 

Prevailing from November to early February, the 

Davidson Current flows north adjacent to the coast, bringing 


relatively warmer waters into the Bay (see Figure 31). 
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2. Winds 
Long acting and relatively steady winds will 
menerate related current patterns wherever and whenever 
Behn wind systems exist. 
3. Tides 
Tidal currents are active in Monterey Bay but are 
[moe CcCOnNSidered in this study since they are very nearly 
(if not entirely) averaged out in taking monthly means. 
4. Upwelling 
Upwelling has been studied as thoroughly as any 
M@ecanographic feature, but almost all studies considered 
memyeats vertical aspects. As discussed in Chapter II], 
Meamasraph B, the author found that the horizontal dif- 
ferences in wnwelling in the vicinity of the Submarine Can- 
memmeweré apparently a contributing factor in the resulting 
Shapes of the mean isothermal surfaces (possibly a major 
factor during the months of maximum rates of up/downwelling). 
The possible influence of up/downwelling upon mean indicated 
merents is discussed in paragraph D of this chapter. 
B . PeeRI FYING THE CORRELATION BETWEEN ISOTHERMAL AND 1S0- 
PYCNAL SURFACES 
To sirley an -apprEoach Similar to that used by Werpper 
[1970] in the Gulf of Mexico (discussed in the Introduction), 
it was first necessary to show that changes in mean density 
meee directly proportional to changes in mean temperature 
mearoughout the water column in the Bay. There was not 
enough data available on mean density to allow the con- 


B@lectolecrt vertical) density sections, thererore,. annual 
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eycles of mean density and temperature (for several blocks) 
were compared. The results showed that mean density and 
memperature were closely related throughout the Bay andwat 
all depths considered except in the region above 10m where 
fe correlation was not quite as good. The below listed 
Semparisons demonstrated the results: 

me Figure 32 (mean density structure, Blocks 1 and 5) to 

Pucunem4 (mean clemperatlUne structunme. sb LOCKS «= 1.sanGueoum 


meme rigure 32 (mean density structure, Block 20) to 
cite wh / (mean tempera tues S thie ii arm ociam 70jee 


my «6 Figure 33 (mean temperature structure with mean density 
eructure —earshed wiles) superimposed eb lockeis)m 
time relatively small total change in mean density through- 

ee the water column was not unexpected. Previously measured 
Mmerents in the Bay were generally on the order ot U.Z5 to 
Memekt, and rarely (if ever) exceeded 1 kt. Therefore, the 
small changes in density (assuming isopycnal surfaces are 
related to indicated mean current) would imply small values 


Seemean current. This appears to be the case. 


e.. MORTRAYAL OF THE ISOTHERMAL SURBACES 

The foregoing results provide evidence demonstrating 
the close correlation between mean isothermal and 1sopycnal 
mumzaces. Assuming that Leipper's approximate geostrophic 
Ppproach could be extended from deep waters to the waters of 
Memeerey Bay, the mean isothermal surfaces would then ef- 
Fectively replace the mean isopycnal surfaces and indicated 


mean currents could be deduced from them. On this basis, 


58 


mopographies of the mean monthly isothermal surfaces were 
mesumed to represent mean flow and were portrayed in Fig- 
mres 34-48. 
I. seelecting the) lsoehermal | Siigmacemnue 1 a congetcryal 

The annual variation in upwelling, causing the 
mMeouherms to rise and fall through a considerable depth in- 
mervyal, prevents the use of any one isothermal surface for 
the whole year. Instead, isotherms were chosen for a given 
mene Dy inspection of selected vertical temperature sec- 
mens. ihe isotherm that best described the temperature 
Characteristics of the mid-waters (40-100m) was chosen from 
mm@emcorresyvonding vertical section. When a shift was made 
from one isothermal surface to another, both surfaces were 
drawn to assist in observing continuity. The mid-waters 
Meee cnosen for two reasons: (1) rapidly changing thermal 
mjoercions in the surface waters could be misleading since 
they did not correlate as well to mean density conditions 
as did the deeper waters, and (2) the 40-100m region should 
Mmespond to offshore currents, upwelling, and wind (to a 
Messer extent) and thus provide mean isothermal surfaces 
meet likely to be related to changes in mean current. 

ae Description of Figures 34-48 

Cie MeO ei Comal paince Gap iene ew le eOleeil tingle Gab. 
mon Of data points, mean winds, and mean offshore currents 
meee applicable to these figures as well. The number of 
meemperature values used to compute the mean temperatures 
mer each block are listed in Table I (the values at 50m are 


representative of those throughout the mid-waters). 
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Topographies of the mean isothermal surfaces were 
@ontoured at 10m intervals. Dashed lines indicate probable 
extensions of contours where data was not available. Depth 
Sontours of isothermal surfaces are portrayed only in regions 
Muethne Bay where depths of water are greater than or equal 
Menthe values of the contours. The termination of a given 
Bentour is shown by a short segment of the equal valued bot- 
tom contour drawn across it. 

the letter He (hash) sandiecates@thnecucneates vedemenc 
meeene isothermal surface and the letter L (low) indicates 


mae Shallowest depths. 


De MeAN CURRENTS INDICATED BY THE ISOTHERMAL SURFACES 

In considering the indicated mean currents it should be 
emphasized that the results are based on the combination of 
data compiled from 1929 through 1968. The various regions 
mee nighs'' and "lows" appearing on the mean monthly iso- 
miermal surfaces (Figures 34-48) cannot be considered as 
fixed. Skogsberg [1936] showed that internal waves and ad- 
Meerion, acting in the southern portion of the Bay, caused 
daily (and even hourly) changes in the thermal structures. 
For any given month the contours vary from day to day and 
miso from year to year, and therefore, the figures are use- 
ful as indicators of the average thermal conditions and not 
the conditions for any given time. 

panice it was assumed that the topographies of the mean 
isothermal surfaces represented mean flow (see paragraph C), 
the following rules apply: (1) mean circulation is counter- 
evockwise about regions marked with an L (cold water, high 
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mean density regions), and clockwise about regions marked 
with an H (warm water, low mean density regions), (2) mean 
flow follows the contours with the colder water always to 
Seem lett, and (3) stronger currents are indicated by welleccn 
meacing of the contours, and conversely. 

The indacated mean currents (anferred from Figures ss4— 
mee are discussed below. To prevent repetition, the term 
"mean flow'' will be used to imply indicated or inferred mean 
mew and the term "intensity" (or "strength") will imply the 
fjelative intensity based on the spacing of contours. 

mee ncensttres or: Mean Flow in the Bayeand Oftshonre 

Rien pens ity (Ok means tlow (Gh )i aie tice) coe iaomec 


Meeented by a formula relating it to contour spacing as 


follows: 
I = AD/SL 
where, 
i= Siieeticn ty Ob Mean er lhow sim) Muy dan, 
MDe= Pye dirkerence imrdcpieln (i) bebwe cin con lOlines 


L = The measured length (in) between contours. 
Mae tactor of 5 (in the denominator) was applied to make the 
annual range of I agree with the annual range of mean off- 
maeme current (mi/day) as found in H.O. 507 (see Figure 31). 
Meeevalues of I plotted in Figure 31 represent the maximum 
mitensities (minimum spacing of contours) for a given month. 
Thus , the assumption is made that the strongest monthly aver- 
age currents in the Bay are equal to the euaee SUnnemeseO = 
Shore. Months where two isothermal surfaces are portrayed 
mecmrepresented by an average value of I. 
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The annual cycle of the mean Giishco we semen 
fashed line in Figure 31) was divided into two pericds- 
ime California Current prevailed from February (mid-points 
meechne months are plotted on the abscissa) until early 
Nevember, the Davidson Current prevailing the remainder of 
Meee year. The annual cycle of mean current intensity in 
the Bay shows peaks in December, March, and August. The 
m@eak in December and the general shape of the curve from 
mevember to February is similar to that of the offshore 
Davidson Current. The peaks in March and August do not ap- 
meee tO be related to peaks of the offshore current; in 
meee, the shapes of the Bay and offshore curves approach 
meet OL A Mirror image curing the period from March until 
Ausust, These peaks annear to he related to unwelling and 
Meeeadiscussed in subparagraph 2 below. 

mee onual Variations on Mean tlow in thembay 

inter wed mean flow. 1s 7ceplGued Dy satieows swt elmer 
Mmeensity of flow (I) indicated to the nearest whole number 
(mi/day) in Figures 34-48).* 

a. November Co February (emeures 47, 48, andys4) 

Phe Wwariatvens Aneintememsry Soret low ease mowed 
above) ante eiintilen: for the Bay and the offshore Davidson 
Current prevailing during this period. As described in para- 
graph A.1, a north-flowing offshore current is considered by 
peme to generate a clockwise driven current within the Bay. 

4 
In this case, the value of I (shown in the Figures} 


Mmepresent relative intensities at given locations and not 
the maximum monthly values. 
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meeerring to the méan isothermal surfaces, theveurren: 
maecerns exhibit this clockwise tendency threughoue the 
period, suggesting that the Davidson Current might be the 
muamary generating force. 

In November, the mean flow enters the Bay from 
the south and spreads into the northeast region with a broad 
clockwise movement indicated in the center region. Flow 
Meemeecxits from the northern region of the Bay (note the 
mom contour). 

In December and January, the same general 
m@meckwise tendency of flow is indicated. However, the flow 
megears to enter from the northern region and exit from the 
Meemenerm region of the Bay. The difference in entry points 
could be due to the offshore current intensity which in- 
creases from 1 mi/day in November to 3.4 mi/day in December 
and January. 

ib, [Beloetbleinsy Ue jonealth  [Cerkenbhetests Sse 7) 

ih WPS wea rBeS otal Vi Woes necrel iO IONS Cons 
Mereot the Bay) intensifies and the resulting intensity of 
flow doubles over that in January. Flow appears to enter 
mm@cmexit from the northern region following a well defined 
clockwise path throughout the Bay. The clockwise tendency 
of flow could not have resulted from offshore current genera- 
Mmmemesince the direction of the offshore current is away 
Pom and nearly perpendicular to the coast (and also at its 
annual minimum speed of 1 mi/day). The maximum rates of up- 
welling occurring in February and March (as discussed in 


Chapter III, paragraph B) may explain the inferred clockwise 
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Mmnacdency of the currents. As previously postulated peace 
spreading or up-surge of the cold waters from the Canyon 
mato the Shallows regions cause a relatively warm tongue 
(high) in the Canyon region. The high established by this 
ie-surge might tend to overshadow the influence of the weak 
muowing California Current during February. 

The 10°C and 11°C isothermal surfaces were con- 
Memucted for March. Both have similar patterns but the 
Meedients are stronger at the greater depths (10°C surface, 
@meere 5/). this further indicates the influence of up- 
Meitling since aySuGRl unye aasose ceoiceetnumn Lronmeov= TOO, live 
Mmerents indicated by the 11°C surface (Figure 36) enter the 
eye trom the south and follow a snake-like pattern before 
exiting from the northern region. The 10°C surface (Figure 
Mmeyecxnibits the same general isothermal structure except 
fPiere 1S another well formed low observed in) Tie wier tegen 
meron and the overall intensity of flow 1s greater. The 
development of the "lows" in March could be caused by an 
Memeruence of the California Current which had increased to 
5 mi/day (near its annual maximum intensity). The influence, 
myeeene theory of asereahts Selena) Olmerouncmpe tO Callsemad 
memmcerclockwise gyre within the Bay which would agree with 
memmecion of a “low.'"' This was not indicated to be a major 
Meature by the isothermal topographies. 

Gre HuUgustmeOuOcroOnuer Whreures 47-44) 

This period is disie@ussed next because ene mean 

flow in the Bay is believed to be a result of conditions 


Samijar to those described above. August and September (the 
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months of maximum rates of downwelling) showed the same dip- 
mang of isotherms across the Canyon and the same relative 
ferm spots in the Canyon region as were observed during 
February and March. The possible relationship was discussed 
Mmiecehapter III, paragraph B. The well established highs in 
August and, for the 10°C surface, in September (the deeper 
surface where downwelling rates are also greater) demon- 
Meeete the possible influence of downwelling. Current trends 
are clockwise (as in February and March) and thus opposite to 
meeecurrents theoretically predicted due to influence by the 
mela tLornia Current. On the Guinier hema, the 11°C summace 
/shallower waters) in September exhibits more complex trends 
that could have been partly influenced by the California 
eierent. CULE DaAweclNS seme OUnte rClOGhWwase dilien ec gimar 
m@eenand nozvthern regions and a clockwise trend is observed 
mathe southern region. Downwelling is weaker above 50m 
@eeceptember)} and apparently does not exert as great an 
influence on the indicated currents. It was also observed 
that flow indicated by the shallow waters (11°C surface) 1S 
Mmeerly opposite in direction to that indicated by the deeper 
waters (10°C surface). Since the whole region of the mid- 
Seueers (40-100m) is assumed to represent the indicated cur- 
memes, it is concluded that the shallow and the deep surfaces 
(in September) combined in some fashion to represent mean flow. 
The best approximation of the mean flow is thus a combination 


of flows inferred from both Sil@eaees. 
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di @€tober Timeures 45 ainda) 

The current trends indicated by the 11°C iso- 
thermal surface are similar to those of the 11°C surface in 
September (Figure 44). Flow aeeies Che SS OUmnic wn We penemee ds 
meme Bay, follows an "S-shaped" path, and exits from the 
morthern region. The high observed in the southern region 
appears to be a holdover from the high observed during July 
and August. | 

The 12°C surface (Figure 46) is generally 
memalar to the 11°C surface except the high is absent. The 
meneral polmverc lees Eremes (exmpectably fox the 12°¢ 
Serrace)conform to the theory of generation by an offshore 
murrent. 

In general, it appeared that weaker offshore 
Sirrents came into the Bay, while stronger currents caused 
a reverse eddy within the Bay. | 

Ce Apri] eemaicust “i otrecmao = 41 ) 

The intensity of indicated mean flow is low 
@aroughout this period. Figure 31 shows the weak mean os 
rents which decrease to an annual minimum in June. 

enone trends ane lamer simy lar tOeenose 
mierarch (Figures 36-37) but the intensity of flow is only 
Malt as great. The weakening of the high in the center 
meron corresponds to the decrease in the rate of upwelling 
momen ends altogether in May to June. The low in the southern 
region remained the same strength as 1t was in March but in- 
merced further into the Bay (as noted by the 40m contour in 
meure 38). 
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The indicated mean flow during May 1s wales eeaic 
South, dipping into the Bay and broadly following the shore- 
Ime. The direction of flow corresponds closely to the di- 
rection of mean offshore amen: im the: Ce mite | demonic rn 
regions and tends seaward in the southern region. 

iahaich dévelops in June \whienmex tends inn oun 
Smeethe Bay. Mean flow enters the Bay from the north and 
merows 2 broad clockwise path, exiting also from the north- 
ee region. Intensity of mean flow is at its annual minimum 
moe June. 

ie anoles persists in July and a low is seen to 
M@evelop in the northern region. Flow enters the Bay from 
S@emnorth and is observed to exit from the southern region. 
| The development of the high in June and its 
subsequent strengthening from June through August (Figure 
42) could have been partly ave Mie downwelling which com- 
memees in June and ends in early November (see Chapter IilI). 

in summary, the inferred mean flow in the Bay 
membased solely on the topographies of mean monthly iso- 
Smemmal surfaces. Inferred current trends could be related 
Bemcencration by offshore currents only during the Davidson 
Siereme Period and possibly in the month of May. Trends of 
miecrred’ current during the remainder of the year appear to 
be influenced more by up/downwelling than by offshore cur- 
memes. ithe possibility of up/downwelling exerting a greater 
influence than offshore currents on mean flow is difficult 
memecest and verify. However, the maximum intensity of mean 


offshore current during any month of upwelling or downwelling 
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is only 5 mi/day (about 1/5th of a kt), and the annual maxi- 
mim reaches only 6.7 mi/day. Thus, it would appear that 
the relatively small horizontal density changes (assumed to 
meamainly a result of the Sunes Re of the comd waters gauring 
up/downweliing) between the waters of the Canyon and those 
Se neighboring shallow areas could be equally (if not more) 
Mmeeponsible for influencing mean Bay currents. The above 
phenomena are of course, related in some complex manner. 
iniere 2S IMSur titel en Gdiatae connec mn li) cmpre = 

Meousliy measured currents in the Bay to verify the influence 
of up/downwelling on Bay CUGreMes Owen? whee. altnor 
mea several limited current studies which could be com- 
@mecad to the inferred Bay currents of this report. 
i” BOMPARISONS OF INFERRED MEAN CURRENTS TO PREVIOUSLY 

MEASURED CURRENTS 

Comparisons between the im ferred mean monthly flow 
Meased on many years of data) and several short term (6-48 
hours) current measurements during a given month cannot be 
Seeme ected to show more than broad agreement for epecit ics 
mmes. Ihe positions of the highs and lows (and hence the 
distribution of indicated CUT reime  Ch enemmcan TSOEMeoMall 
Purtaces for a given month represent the most likely con- 
fmetons over a long time period and not those for a given 
mameor the month, or even for a given year for that month. 
Pealiy, the short term currents must be considered only as 
Beneral trends since their directions and Specds sare Weavis v 
influenced by tidal forces and local winds. The following 
Somparisons are more encouraging than the above limitations 
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1. March 
Stevenson [1954] deployed three surface drogues in 
early March from a location Ij Zenit ofishonweoeene tice celle neni 
mest area of the Bay. All aaoatee moved shoreward funtil 
Mmeaching) as shown by the dotted arrows in Figure 36. The 
shoreward novements of the drogues would appear to agree 
With the inferred currents which tend shoreward in the 
Mmeeaon where the drogues were deployed. 
2. July 
Mckay @euS70] conductedMenuzrent measurements in late 
wy using a eee emetic Elect rekine togrdapn sce unk.) a ine 
Measured currents (indicated by dotted arrows in Figure 41) 
mmemot fully agree with the plotted indicated current pat- 
mens: however. the position of the "low'' in the northern 
Meereon would support such current movement. The shape of 
the “low” could not be determined since SNe was no data 
mor adjacent blocks to the north and east. 
eo. Auecust 
McKay conducted current measurements with the ee 
Memcarly and mid-August, 1969 (solid short arrows in Fig- 
meee) and Stoddard [1971] employed surface drogues in mid- 
meroist, 1970 (dotted arrows). 
an Mekay  seGa.b-k. Measurements 
The shorter solid arrows represent individual 
G.E.K. measurements. Considering the region bounded by the 
60m and 80m contours, the correlation of the measured cur- 


femmes to the inferred mean currents is very close, with 
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about 3/4ths of the G.E.K. measurements observed to follow 
mie contours. In the region bounded by the 80m contour, the 
measured currents broadly exhibit a Clockwise motion with a 
Meneral confusion in direction noted (which agrees with the 
mmotted position of the high). 

The’G.E-Ke* measurements to thewsouth of thewo0m 
Sentcour appear somewhat confused in direction when considered 
Mea whole. The arrows with tails represent measurements 
meken On 5 August while all other solid arrows represent 
Measurements taken from 11-12 August. Ui i Ceele ee eee Ste 
the measured currents in the extreme southern region are 
seen to move northward and then to turn towards the west. 
mets trend would appear to agree with the mean flow which 


avite tha Roa 
w= — a we kL we ao io 


a PMO se tres et omen amceetm contours) from fe 
southern region and could force the MOr Gie mly etic lle une 
turn westward. The currents measured on 5 August tend to- 
wards the southwest which could be due to the conditions 
men as displayed by the isothermal surfaces in July (note 
mee oUm contour in Figure 41). Since all surfaces are as- 
sumed to represent the mid-month Comdserions, the mean tlow 
Mmemouly might influence that in early August. The above 
Mm@ecussion is conjectural since insufficient data is avail- 
meee o Construct contours in the region of interest. The 
intention is to show that the current trends by Mckay in 
this (southeastern) region show plausible agreement with 


mmose interred from the isothermal surfaces. The measured 


current velocities were all significantly higher than inferred 
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marities (1). This 1s as expected since they were virtually 
isetantaneous measurements. 
b. Stoddandis Drogue sendy. 

The loner dotted arrowsegin Pagure 49 jepmccemera 
mirrace drogue tracks. @Six drogues were tnacked £omeanouc 17 
hours and one (the southernmost shorter track) was tracked 
ior 7 hours. 

The two tracks in the region bounded by the 70m 


memcour follow definite clockwise gyres, not too far removed 


from the location ok the Le (generally agreeing with its. 


— = 
————— —, — ate — _—- a 


plotted position). sao _remaining tracks do not correlate 


—— == 1 = ———— Se 





with mean flow; in fact the three tracks to the south are 


c - 
. 


nearly 180 degrees out. Data was not available during August © 
mr Blocks 10, 11, 14, and 21S (see Figure 1) and aCe 
m@@eeasothermal surfaces (as shown for this region) could be 
in ear OT. 
ee oe Cember 

Stoddard tracked six surface drogues in late 
Beocember, 1970. The tracks show good correlation to the 
em@allower 11°C isothermal surface (Figure 44) but generally 
@eeenot well related to the 10°C surface (Figure 43). The 
following discussion is based on comparison to the 11°C sur- 
face (although the best approximation of indicated mean flow 
would lie somewhere in between the two surfaces). 

The duration of the drogue tracks varied from 12 to 
@enours. The author computed the speed of each drogue based 
Smeecne distance made good from deployment until the end of 


tracking. The average value of the six speeds was 2.75 mi/day 
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Which compared favorably to the arbitrary value of I for 
Mmeecember of 3.6 mi/day (Figure 31). The value of ] xrep- 
resents the maximum mean intensity (minimum contour spacing) 
mer a given month, and was made to agree (in total range of 
memes) with the intensity of mean flow for the offshore 
Surrent (see paragraph D.1). 

Drogues 1-3 (see circled numbers adjacent to dotted 
Serows in Figure 44) all exhibit clockwise trends which 
broadly agree with the location of the high in the south- 
Meetern region of the Bay. Closer correlation is not pos- 
mmere Since no data exists in the block to the right of the 
high (shown crossed out in Figure 1}. 

iedeomot drogues 4 and Seeut dimectly across che 
mom contour; however, their tendencies. to move to the right 
mien seaward of Point Pinos agree with the general mean cur- 
rent patterns (note the north-flowing mean current which 
emma sOorce the currents indicated by tracks 4 and 5 to the 
might). 

The track of drogue 6 agrees with indicated mean 
flow, following the 40m contour and Verading in a sl2 ent 
elockwise path. The speed of drogue 6 (computed as above) 
was computed to be 4.1 mi/day versus an arbitrary value of 
I equal to 4 mi/day in the same region. 

oe October 

Stoddard tracked four surface drogues in early 
October, 1970. The tracks show excellent correlation to the 
maatlower 12°C surface (dotted arrows in Figure 46) and fair 


Meroe lation to the 11°C surface (Figure 45). Drogue 3 was 
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meacked for 10 hours and all other drogues were tracked Gor 
emily six hours. The average computed speed for drogues 1, 
2, and 4 was eight mi/day, while drogue 3 made good a speed 
of 6 mi/day. The speeds inferred from contour spacing are 
Saly 2 to 3 mi/day. Since the duration of tracking was 
short, the effects of the tidal currents (and local winds) 
Bomld have introduced considerable influence on the speeds 
mace directions of the drogue tracks. 

All drogue tracks broadly followed the 30m contour 
memeure 46) and all except drogue 3 moved in a direction 
mebated to the indicated mean current. The path of drogue 
4 almost exactly agrees with the indicated flow. 

6. November 

Stoddarderrdencd Clg SuLblace anmocucs 1M) mld 
November, 1970 (shown by solid, dashed, and dotted arrows, 
mumbered fH soim Breure SU) Ihe duration of Erackime Wwatmed 
meom 6-42 hours. The computed speeds (again based on dis- 


mamee made good per total tracking time) are listed below: 


Duration of Tracking Computed Speed 
Drogue No. (ite) (mi/day) 
1 42 | Sad 
Z 22 $9 
3 oA 12 
4 23 3.4 
5 janes i Re 
6 Oe5 ibe hell 
7 6.5 EO 
8 6 10.8 


The consistently greater speeds for drogues 5-56 
meme probably due to tidal currents prevalent in the short 
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Muration of tracking time and were thus disregarded. Drogues 
me exhibited speeds closely related to the arbitrary value 
mei £or November. The combined average speed of drogues 
m4 was 3.6 mi/day while the arbitrary maximum value of J] 
mas 4.2 (Figure 31). The average value of J for November 
meuld be somewhat lower (but nearly impossible to estimate 
fom contour spacing alone). 

ihe tracks of all drogtics %exhibi teaqmeloekwise 
tendencies which correlated with indicated mean current 
M@gout the extensive high in the center of the Bay. The in- 
Mmevidual tracks of drogues 1 and 8 closely approximate the 
indicated mean current while the renaining drogues showed 
merr correlation (Figure 50). 

It is noted that the speed of drogue 3 (1.2 mi/day) 
meesienificantly lower than the speeds of drogues 1, 2, and 
Sumeriso, the track of drogue 3 describes a tight clockwise 
Dath which is not the case for the other tracks. This led 
mae author to believe that drogue 3 might have been nearer 
the center of a high than is shown in Figure 50. It is as- 
sumed that the high (and the entire mean isothermal surface 
as well) could probably vary in location from day to day 
mera year to year) for a given month. On this basis, the 
mean isothermal surface for November was translated to a 
Mesition where the high overlayed the track of drogue 3. 
The distance of translation was 3 mi in a west-southwest 
@grection. Figure 51 shows the results of the Pensa one 


Ail drogue tracks are now observed to closely follow the 
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j/manslated contours and the correlation to indicated mean 


Barrent is excellent. 


EF . SUMMARY 

The general agreement between measured currents from 
aot Studies and indicated mean currents for this study is 
encouraging. The total number of comparisons made is far 
meom that required to fully substantiate the inferred mean 
currents of this study; however, the comparisons do lend 
memsiderable support to the feasibility of using mean iso- 
thermal surfaces as indicators of mean flow, which was a 


mammary Objective of this study. 





V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

1. Progressive warming with time is indicated through- 
out Monterey Bay, mainly occurring at depths from the surface 
to 300m. The temperature was noted to increase as much as 
imo © over the 29 year interval from 1931 to 1960. 

eee tic Sntenste.ot Upwellame Varies lmmern beret moc Oe 
Meaphic regions of the Bay. This variation in the maximum 
rates of upwelling (and downwelling) is believed to be a 
mayor factor controlling the shapes of mean isothermal sur- 
mices (and indicated mean currents @as well) during the months 


of maximum up/downwelling. 


eT iCyMmCccnod Sn WME To “neck 250 themra. seem ace Suuas 
miaicators of mean current shows promise. The comparisons 


of inferred mean flow to direct current measurements (as 
meow in Figures 34-48) demonstrates general agreement be- 


tween the two. 


B . RECOMMENDATIONS 

Tt. The data collected throughout Monterey Bay is in- 
Mrericient for several of the blocks in the author's grid 
Meeeem {Figure 1). To obtain a more complete picture, both 
in the mean monthly sea surface temperature distribution 
and in the topographies of mean monthly isothermal surfaces, 
meecontinued search of data for the following blocks would be 
Mmeeetreial: 7, 8, 9, 10, 11, 14, 16, 18, 21S as well as the 


mock shown crossed out in Figure l. 
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2. Future studies should be made of themneanenomens, 
miorent distribution in tne Bay (the author wassup ob lesro 
locate any previous work in this area). Whatever methods 
mee used in the future might be compared to the mean flow 
Meeeerred in this study for purposes of attempted verifica- 
marOn . 

oe lO aid in the future study of oceanocraphiG pana. 
meters (in general) of Monterey Bay, a computer storage and 
retrieval system should be instituted and maintained on a 
continuing basis. An example of a computer system designed 
mer this purpose is presented in Appendix B (the "final 
Somputer program, number 11"). 

Close COOmaInat1Ol Wien NOG es eG Mmeccd Cie sarel 
Beeanographic facilities so that the oceanographic data 
Collected in Monterey Bay over the years can be made avail- 


Meme CO any investigator desiring its use. 
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APPENDIX A: DATA SOURCES 


A. PROBLEMS ENCOUNTERED 

Mie only previous research found thar care comrezecumece aio 
graphic data collected in Monterey Bay was that presented in 
Mies research paper by P. M. Magruder, Jr., [1969]. 
Magruder's paper was most beneficiai in delineating the major 
Sources of data. Many reports were located covering related 
Seoyects such as biology, sound velocity variation, and 
ieeemt attenuation studies. Many of these reports used tem- 
erature and salinity data. However, the data was generally 
Meeecontained therein, nor is there any ee perenee CO 1s Cloe 
mmenom in some reports. There is a general lack of continu- 
MC DOrLS WiliCh COncainca temperature ond calinatyvy data. 
Methods of collection were sometimes omitted and very seldom 
mess there any information describing environmental condi- 


mens, etc. 


B MAJOR DATA SOURCES (FIGURE 3) 
i bolin Data 

Rod i. Bolin sand scollabouracoucm |) Joa mecollcerea 
Meisen samples over a five year period from 1951-1955 at the 
meron 56-42N, 122-02W. Casts of 24-bottlies were gener- 
pity employed to depths of 1000m at weekly intervals. A 
memal of 233 casts were made and analyzed for temperature, 
@aeinity, and other chemical parameters. A copy Oiebhias re- 


moet is on file at the Naval Postgraduate School Library. 
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2. Flect Numerical Weather Center (ENV eam 

Nansen Cast, bathythermogreph (Bl jeeexponmenciras 
Br (XBT), and message BT data are on file at FNWC. The 
Nansen cast and .BT data are also filed at the National 
Oceanographic Data Center (NODC) anc are kept more com- 
mecteily there. 

FNWC is presently digitizing the XBT data for in- 
Mrisi0on in computer tape files at NODC. Two 9-track com- 
Meeecr tapes (NPS 264 and NPS 265), held by Dr. Denner at 
the Naval Postgraduate School Oceanography Department, 
contain the world oceans XBT data which consists of about 
40,000 individual stations. A computer program (see article B.2, 
memenmaix B) written by the author reveals only 43 XBT sta- 
Mmeons Scattered randomly throughout the Bay. There have 
been considerably more than 43 XBT drops in the Bay over the 
last three years but the data is not as yet available. 

o tlepkins-CalCOPI Data 

Hopkins Marine Stationghas conducted 2° continuous 
hydrobiological survey of Monterey Bay for thie "Cadi tomas 
meoperative Oceanic Fisheries Investigations (CalCOFI) since 
1951. Commencing in March of. 1954 the data (unpublished) 
was tabulated and distributed in annual reports containing 
meminily averages of Bucket, Nansen, and BT temperatures, 
salinities, and densities (sigma-T) for six oceanographic 
stations in the Bay. The averages were based om approxi- 


Merely weekly visits to each station; [Hopkins 1954-1967]. 
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a. OG€ean- Tempewaeures 
Surface Pemperatures were 1readminomeamplekm 
thermometer and BT data was listed at 10m intervals from 
Seemeotiritace to 50m for stations 2, 3, 4, and 6. and to 350 
and 20m for stations 1 and 5, respectively. This data was 
Sececomputerized since the majority of it was included as 
MOWC-BI data in paragraph 4 below. 
Dee oa linde;eandyonena-T eta 
Nansen samples taken at. the surface and 15m 
were titrated for chlorinity and thence salinity and sigma-T 
mere determined. Temperature, salinity, and sigma-T were 
tabulated along with their monthly <everages for each station. 
4. National Oceanographic Date Center (NODC) Data 
Magruder obtained complete printed listings of 
Nansen cast and BT data from NODC in January of 1969. The 
area of Coverage includedeMarsden Sdtares LZ!) (61 and 62)- 
meres listings are available in the NPGS Oceanography files. 
Oe aero ss - Il) eyo eeyngobiuieie jireleamis wne 
mia. (2) updating of data through 1970; Magnetic tapes wene 
meaquested from NODC. Two 7-track tapes were received in 
December 1970, one listing Nansen cast data in Marsden 
mamare 121(R1019) and the other listing BT data (R1030). 
mac formats of these tapes were different and had to be pro- 
Messed Separately (see articles B.4, 5 of Appendix B). The 
mipes are the property of the NPGS Oceanography Department 


Mee Dr. Leipper). 
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The total number of Nansen and Bis cacienc ey iene 
Monterey Bay (retrieved from above tapes) were 107 and 1377 
mespectively. 

a. Nansen Cast Data 

The data included temperature, salinity, owen, 

Seecphates, silicates, nitrates, and pH as observed para- 
meters. All values were interpolated to standard depths by 
meemree point Lagrange method. Each station is identified 
Dy a Master Card, which lists such information as ship name, 
Meeation, date, etc. 

ee bie Wartea 

BT Bevo rss cueos ene Isis Weel Ble Sin intervals 
mom the surface to maximum depth. Each station was again 
maentitied by a Master Card. 
ee Naval Postgraduate School (NPGS) Data 

nour Statiowsmwe re eS tablished by NPGS mimes eevober 
/mo0. Nansen casts and BT drops were made regularly and 
memechemical parameters were filed quarterly. 

PCOnE IMU pmo cran OF computer JO TONGS Liles Eup 
mmlaing of data cards for these stations is in progress. 
| 6. Skogsberg Data 

Tage Skogsberg [1936] conducted an exhaustive study 
@emenermal conditions in the southern portion of Monterey 
meee cOllecting over 15,000 samples from 1929-1933. Data 
included temperature, chlorinity, phosphate, and silicate 
from 23 separate stations. The original data is on file at 


Hopkins Marine Station. Skogsberg tabulated monthly temperature 
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averages for two of his stations, both of which were used in 
the author's analysis (Chapters III and IV). 
i CCamoUr ra Ce mleiIperda tunes 
Ae hopkinsmiar ine of atom 
s@a Surface temperature andes iia, secmoc cm 
measured daily at the station since 1919. All records are 
filed by Hopkins and monthly averages are published by 
Beripps Institution of Oceanography under the title: 
Meata Report, Surface Water Temperatures at Shore Stations, / 
Memeced States West Coast and Baja California." 
bene -canwa Cruz 
Sen surface temperature has been werent daily 
merece 1956 and data is also published by Scripps under the 


same +#34¢41n ae ahove 
a teat Rorck ts ck Ne 4+ OD weer + ry 


©. MINOR DATA SOURCES 

mite below listed sources comprise data covering either 
feel areas or that limited to only several observations. 
A complete listing was impossible. 

ioe Monterey Bay Bibliography lBaron. 19/71} 

This comprehensive study was recently completed by 
the Moss Landing Marine anona toni eee Of the Calitormia State 
meereges. It includes all known scientific literature con- 
cerning Monterey Bay. Limited copies are now being published. 

2. Yeske and Waer Data 

Yeske and Waer [1968] studied light attenuation at 

merestations in the Bay during the period 26 July to 31 


August, 1968. A total of 39 Nansen casts were made and BT 
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drops accompanied each cast. Data was filed with NODC and 
memcontained on the e€omputer tapes “neferenccamgn, pana 
graph C.4 aovove. 
Se Mesisacc BI wWata 
Very little data was found at FNWGeGonly 2iesta- 
tions for all of Marsden Square 121) and none more recent 
than 1968. 
mM. OC-3520, Data 
ine Chemreal Oceanorraphy Course (OC 5570) maneNies 
Seensors Jinited duration Bay cruises for students. Various 
@eeanographic parameters are collected and final reports 


are required. ie wdata 1S Met eurrently pean filed but 


meme OL it is available. 


iH). wes CUSSION 

imeewas Clear that a complete scurce listing of the 
chemical parameters in the Bay would be a monumental task. 
NODC maintains a one: listing of oceanographic data 
mmroughout the world's oceans but little of the data col- 
mrmed in Monterey Bay has ever reached there. Only 107 
Nansen casts were recorded by NODC for the last 40 odd years, 


mepresenting a trifle of the data Petula inenee lected: 
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APPENDIX B: COMPUTER PROCESSING OF DATA 


Two major goals were sought in designing the ''final 
memputer program": (1) to store temperature, salinity, and 
density data in a form suitable for the computation of mean 
monthly averages at given geographic locations, and (2) to 
design a flexible system for storage and retrieval of various 
oceanographic parameters on a continuing bases. 

The second goal was achieved by designing the "station 
fecle card’ in such a manner that a simple extension could 
Beemade to the "station data card" to include additional 
selected oceanographic parameters without modification of 
eesting formats (see paragraphs A.Z.a & b). The instituticn 
Meeeeoh a Cara systém Coula Maxe the Yotricval and wsaze ct 
Sceanographic data from Monterey Bay a very simple task. 
eee oTORAGE OF TEMPERATURE, SALINITY AND DENSITY (SIGMA-T) 

DATA 

me Problems Encountered 

About 60% of available data was already in computer 

format, either on magnetic tape or on data cards. Regret- 
maoly, no two formats were consistent. Thus, a separate 
Computer program had to be written to reduce each data source 
to the author's format. This often included calculation of 
Mmscities (when they were not included as part of the 
Original format) and always required interpolation of one 
form or another to place the data at the author's selected 


Beeandard depths" (standard depths are listed in Table IV). 
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The reduction of data already 1.2 computer format was actu- 
ally more time consuming than processing the tabulated data. 

The remainder of the available data was tabulated 
in the various reports cited in Appendix A. First it was 
Keypunched onto computer cards in various formats, depending 
on the format of the data source. The next step was the 
Mericing out of data on computer paper to compare it for 
Mecuracy against the original source. After proofreading, 
Bomputer programs were written to convert the data on punched 
Mares to the desired format. Again, this included calcula- 
mmens and interpolations for the desired results. 

The last step in the process was to check the 
mentous outputs for correctness and then write the data onto 
a computer "master tape."' Paragraph B describes the various 
memputer programs to the ext.ent of including information not 
apparent from inspection of the programs themselves. 

a Format or the Master Tape 

ites Maistre n bape NE os senmlareninioc: 600). Semueduras 
mmenstorage location for all data processed. The general 
monmat Of data includes a station title record (identifying 
mae Oceanographic station) and a station data record (1list- 
ing the oceanographic pauanmeters). Table fl lists all aaea 
contained on the master tape. 

2 Ne sot aerOne tanec Reco 1 di 

The station title record allows the flexibility 
mequired in general retrieval of data. Referring to Table 
mer, the ''80-column record numbers" refer to the inclusive 


Mmesttions on the station title record where the information 
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ke Ligh 10 specific Data Contaimed ome cnamecn 


Remarks 
229 Nansen stations 
AO eat stations 
972 Nansen stations, 
CAC eat: ONG isc iaec 
senting the monthly 
average of 4 stations 
at 0 and 15m. 
107 Nansen stations 


137 Jeb VS tacrons 


175. Nansen Starciens 


ioe LE I1. 

Mas ten wlape NPS 7306 

Data Source Data VY Saas (Genel) 

Bolin 155595 LOS 1-19 5:5 

FNWC T Various 

Hopkins-CalCOFi T,S,o, 1954-1967 

NODC Sec Clap ee, aienous 

NODC Il Various 

NPGS See Chaps Lig eres o0- 

Sejoic LS as 

Note 1: See Appendix A for detailed discussion of data 
sources. 

@meen2: In cases where only portions of a data source were 
COMpurerized, thesveanr aida) po eo maddmedn dc ia ies 
such portions. 

mete 3; 


ic “Vata SOuUrece (1S slreccamby altLionror  COlMce tame 


Geary ey. 
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TABLE JIDS Sihe Station Leelee ske cord 


80-Column 
Record No. Variable Depa eon 
> 2 NCARDS THEe\ total nunber o- ec earl onmad ea 
records followingg@the tithe recor. 
4-7 NANS, XBT, A lenis adyus ted sy aia emd crassa 
Bal, oa) the typecot data collecteds 
ee LO NDAY The day data collected. 
B2-13 NMO The month data collected. 
mo - 16 NYEAR Thewlast (woreda giltswOn thee year, 
data collected. 
mSe~ 21 NT IME The time (GMT) data collected. If 
unknown, NTIME appears as 0000. 
Ba 25 LATDEG tMre decrees Of Sstatiom Latitude 
27 - 30 RLATMI The minutes and tenths of minutes 
Otestatronmlatd tides 
Bo- 55 LONDEG Dey Cegnecs of Station lemertuder 
37-40 RLONMI The minutes and tenths of minutes 
of station longitude. 
43-45 NWF NVE =O Bs peecitiessioukens-calGunt 
monthly average values (4 stations 
Pew (avenge Ce). 
48-63 Ship name. 
te -------——— OY, mrt tr rrr rrr rr rr rr err ccc ern 
48-49 NODC country code. 
50-51 NODC ship code. 
Ba - 55 NODC etarton te Wa numer. 
56-59 NODC Stano number. 
65-80 REF Reference data by SEINE y (12 pee e 


Con lrouline edatancolmect fo 


OF 





was entered. "Variable" was the computer name (applied by 
eatchor) used in programming. Desired data may be retrieved 
from the master tape by any one, or any combination of the 
listed variables. For example, assume an investigator is 
interested in conducting a study of experimental (XBT) versus 
mechanical (BT) bathythermograph data in the Submarine Can- 
mer COllected over the last five years. By a series of 
meomputer logical IF statements" [see Blatt, 1968] all sta- 
amen titie records are eliminated except those that are 
meener XBT or BT, have geographic positions in the Canyon, 
emo tall within the time frame (NYEAR) of 1966 or later. 
Hep ihe Station ava kheecora 

Each station data record contains the standard 
depth of observation (m) plus one or more of the parameters 
meoced in [Table IV above the dashed line. The oceanographic 
merameters below the dashed line were not included on the 
Seretcer tape but are listed as the rscommended additions re- 


mened tO in the second paragraph of this Appendix. 


5. COMPUTER PROGRAMS USED IN DATA STORAGE 

iene conputer Programs were LTequameeas co compile the meas- 
mex tape and are briefly described below. The programs will 
memeowid in the section entitled, "Computer Programs." 

Il. Bolin Data 

a. Program Number One 
Cards were punched from the tabulated data of 

@emcth, temperature, and salinity. pyoeten number one cal- 


Subated densities and linearly interpolated ali data to the 
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80-Column 


Record No 


= 5 


eo | / 


mo- 25 


TAD Saye 


; Variable 


> DOE 


TEM 


SAL 


OGT 


The Station Det as Releoncd 


Definition 


The author's selected standard depths 
(m), as: 0000. Standard depths used 
were: 0, LQge1 55) 7 Um 0 50 eee 
125; 15057 200 7 e250 cies, 100 
OO SaES5 00, 17 SO5 2000. 2 SUC ae Cee 
4000. . 2 COCUF 


ihe Stempe ragtime tom mccain tomar 
déeésrecs Cy dcmmm0 secon 


The salinity to hundredths of parts 
Dev SENGWsanGw ass) 5 00r 


Sigma-T (density) to hundredths of 
LilitS ya Same Ole /</ . 


~~ ee wei iii i i i iii ms i es a 


m2] 
Be Sd) 
Bo OD 
7 - 59 
41-43 
45-47 
49-80 


Note 1: 


XOXG 
XPO4 
XNO2 
XNO3 
SI04 


XPH 


Poon FOm ten Smo fase iam 
Pome to tenths of G-gt per 
NOZoNeBOmGentins Of 8-2 peneds 
MOS - Neto Lewes Gt oat per ae 
SOM a. ie) ee is ese Sele jesse ll. 
pieeot SClawaer Comitenthsmot umats-: 
Gan be wsedmror additwonal storage 


as, TEQUINCanmCn eS a, ecomlpuced Sound 
velocity ,-dyitamie parameters, etc. 


Data above dashed line is included on master tape. 
Data below dashed line is the recommended additions 
BOL ca esileurewSeOr alc ealldamcctttevaim System. 
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selected standard depths. Linear interpolation was considered 
accurate since the maximum difference between tabulated and 
standard depths was only 25m. The final output consisted of 
Bemputer cards in the format for the master tape. 
Zo HKileet Numerical Weather Center (oem aca 
a. Program Number Two 

Thewexistine G-track tapes (NUS) 264 ande7o5) 
Memtaining world ocean's XBT data through 1968 were pro- 
meosed. Data in Monterey Bay was retrieved, linearly in- 
merpolated, and punched out on computer cards in the format 
memethe master tape. Linear interpolation was exact be- 
eause XBT data occurred at every depth where temperatures 
deviated from a linear path. 

eee HOpKins CalCOPP Data 
a. Program Number Three 

Computer cards were punched from the tabulated 
annual reports [Hopkins 1954-1967}. Program number three 
meoeessed the computer cards, linearly interpolated for the 
10m values (a selected standard depth) , and punched new com- 
Mmeeer cards in the format for the master tape. 

Simee Cache Seat Oll repucscemmed a MOntiINly eaveware 
value (generally the average of four stations) the data had 
fo be processed differently in the final program. A weighting 
factor (NWF=999) was added to each station title record and 
Mmemved aS a branch instruction to weight this data "four to 


ee over other data on the tape. 
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4. National Oceanographic Data Center sue miansen 
Cast Data 


a. Program Number Four 
This program read data from av/-track tape 
Baelok9), computed the number of station data records fol- 
Mmewing each station title record (NCARDS), and wrote the 
mata (in modified format) onto a 9-track tape (NPS 297). 
See eC Ud alan unis toi ine 
Data within Monterey Bay was retricved t7em Che 
9-track tave (NPS 297) and written directly onto the master 
maoe in the author's format. One linear interpolation for 
maewas required per station, all other data being at the 


author's standard depths. 


weenational Oceanoprapnic Data Center (NODC) Bachy - 
thermograph Data 


a. Program Number Six 
Data was read from a 7-track tape (R 1030) and 
Mmmm directly onto a 9-track taps (NPS 296). Each sta- 
mmometitlie record contained the number of following station 
Mata records, hence, no further programming was necessary. 
pe PTocran Nupper Seven 
Data within Monterey Bay was retrieved from 
mie 9-track tape (NPS 296) and written directly onto the 
master tape in the author's format. No interpolation was 
required as data was entered on the tape (R 1030) at 5m 


meervals. 
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6. Naval Postgraduate School Data 


a. Program Number Eight 
This program was written by Robert Middelberg 
for the Oceanography Department. He was kind enough to 
milow the author to copy and then modify the program for 
usage herein. Data cards prepared by Mr. Middleberg were 
read by the modified program and densities were computed. 
All data was interpolated to the author's standard depths 
Meing Middleberg's "three point Lagrange" method. The 
magrange interpolation method more closely approximates 
mae normal shape of a temperature profile when data is 
Widespread (50-150m between observations) as was the case 
memos Finally, data was written directly onto the master 
mae iti the author's iormac. 
fee ibansterring Punched Card pata 
a. Program Number Nine 
Program number nine read the punched output 
meomeprograms 1, 2, and 3 above and wrote it onto the mas- 
mer tape. 
tee Master Tape Record Count 
a. Program Number Ten 
When working with computer tape it is essential 
Memkeep an acciirate record count of data as it is stored; 
Memacrwise, errors that may be made would be nearly impos- 
mepie to locate. Program number ten was used to keep a 


finmineg account of data stored and a double check for cor- 


mect format. 
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fc. THE FINAL COMPUTER PROGRAM 

Program number 11 computes the mean monthly temperatures 
md densities (at author's standard depths) throughout the 
Bay, using data from the master tape as its input. Table 
medefines the output as it appeared on the master printout. 
mpeure 2 shows the initial field of blocks used for the 
Segregation of data. The numbered blocks on the Figure were 
ene Only ones containing significant data (at least one 
menicth with three or more temperatures in the block). This 
meovram will also be found in the section entitled, "Com- 


macer Programs." 


1S 








MARBLE V: Definition of Computer Variables anette. ene 
Outpu Eee no iam Number 11 


variable 


TEMP (AV) 


SIGMA-T (AVG) 
NR WTD VALUES 
SUM WTD TEMPS 


STDEV WTD TEMPS 


SUM WTD SIGMA-T 
STDEV WTD SIGMA-T 


NR UNWTD TEMPS 


SUM TINWTD TEMPS 


STDEV UNWTD TEMPS 


NR UNWTD SJGMA-T 
SUM UNWTD SIGMA-T 
OEY UW SIGMA-T 


WTD TEMPS 


WTD SIGMA-T 


UNWTD TEMPS 


UNWTD SIGMA-T 


Definition 


The average of all temperatures (weighted 
and unweighted) for a given block, month, 
aliGaraieyo eli, 

As=above for density (s iemaede 

The number of weighted stations processed. 


The sum of all weighted temperature values. 


The computed standard deviation of all 
welghted temperature values. 


As above for density. 
PS aDOVe  EOisaens 1 ty. 


The number vol mon-we velit cee moc re ele 
Vice Sr. 


tne ci af all nem-werochted) tam 
~ = -_ —_ wt ase _— o~ eee iy iy ae _—-— es te O42 ae — we 2s 


values. 


Tie SeOnpUcediwes Pancdancindonsraie1 Ol Ocmaua 
nen-weighted. temperature Valucs. 


ASeavowes Gon Cens i tye 
As above for density. 
As above tor densi 


Post ine (Ob valerie CCmEcm pe ra tume 
Vicwite S. : 


Nels tine weteal le wepenteds si ema- lf varies 


latstine Olea inion -Weleimecd tome hd tune 
Vic Ine Sa. 


A listing of all non-weighted sigma-T 
values. 


Note 1: All variables above are for a given block, month, 
and standard depth. 
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